Abstract. Mediterranean spotted fever (MSF) is endemic in the Mediterranean area. We carried out a retrospective study to investigate the association between socio-demographic and climatic factors and MSF incidence in northern Sardinia. We found that maximum temperature levels during the previous summer were associated with increases in MSF incidence.
INTRODUCTION
Mediterranean spotted fever (MSF), or "boutonneuse" fever, is caused by Rickettsia conorii and transmitted by the brown dog tick Rhipicephalus sanguineus. 1 The disease is endemic in the Mediterranean area, with incidence in Italy being higher in the southern regions and in the islands. Most cases occur during the summer, with an apparent increase at the end of the 1970s. 2, 3 Occupation, participation in outdoor activities, and rural environment have been found associated with increased risk of infection with R. conorii, 4, 5 although the role of climatic change in MSF emergence has also been hypothesized. 1 In this study, we evaluated the association between sociodemographic and climatic factors and MSF incidence.
MATERIALS AND METHODS
We carried out a retrospective study to identify cases of MSF occurring in the resident population of the provinces of Sassari and Nuoro (North Sardinia) between 1990 and 2002. Cases were collected through a systematic revision of the discharge registries from the hospitals sited in the study area. The diagnosis of MSF was based on clinical and serologic assessment, with information on age, sex, and municipality of residence of the cases also being collected from clinical records. Data on temperature (minimum and maximum average values) and on rainfall for each month, year, and municipality were obtained from the Sardinia climatic unit. Overall, 819 cases were identified (287 women and 532 men). Population figures, the proportion of men and women working in agricultural occupations, the proportion of unemployed, and the proportion of those with low educational attainment were obtained for each municipality from the 1991 census.
Poisson and negative binomial regressions were carried out to study the association between socio-demographic and climatic factors with MSF incidence through the calculation of incidence rate ratios (IRRs) and their 95% confidence intervals (CIs). To study whether the variation in the number of cases was greater than that assumed under the sampling framework, the standardized residuals were plotted in turn against the observed number of cases, the fitted values, and relevant variables. A negative binomial distribution was used in the presence of overdispersion, and potential confounders were included as additional independent variables. Robust SEs were computed to address correlation in the residuals and overdispersion.
RESULTS
The temporal pattern of MSF shows some peaks between 1990 and 2002, which seem to follow 1 year after those observed for the maximum average temperature levels recorded during the summer months ( Figure 1 ). Negative binomial regression models confirmed these findings, showing that increases in the maximum temperature of 1°C corresponded to an IRR of 1.32 (Table 1 ). There was also evidence of interaction between maximum temperature levels and altitude, this being caused by the effect of higher temperatures at sea level than at higher altitudes. No association was found between the incidence of MSF and rainfall (either in the same year or in previous years). The proportion of men and women used in agricultural occupations was not associated with an increase in IRR, although an increase of one point in the proportion of low educational attainment increased the IRR by 11%. There was a quadratic relationship between MSF relative incidence ratio and population density, with IRR being higher in rural underpopulated areas than in suburban and urban areas. The incidence of MSF was higher in men and women Ն 60 years of age (RR, 1.33) but did not vary by sex. No evidence of association was found between the incidence of MSF and the minimum temperature levels between November and March (in the same year or in previous years) when analyzed as the mean value or as the lowest recorded value.
DISCUSSION
Raoult and others 6 showed graphically that incidence of MSF is correlated with preceding year mean summer temperatures, although their results were not statistically robust because of the low number of cases. We found that an increase of 1°C in the mean maximum temperature levels during summer was associated with an increase of 32% in MSF incidence a year later. The association of summer temperature with MSF incidence was stronger for men and women living at sea level than for those living at higher altitudes. We also found that the incidence of MSF was higher in rural than in urban and suburban areas and in areas with low schooling, which have low standards of hygiene and parasite control. 6 Conversely, we did not find evidence of an association between the proportion of men and women working in agricultural occupations and the incidence of MSF in the area, although we did not have individual level data and therefore were not able to ascertain which subjects were exposed to high-risk occupations (i.e., occupations that require contact with animals or outdoor activities in natural areas). Another factor that was associated with MSF was age, with older men and women being at higher risk of contracting MSF, presumably because of the higher proportion of occupational risk in this age group. Similar results were observed elsewhere. 6 Finally, consistent with the results of a study conducted in Spain, 5 we did not find evidence of an association between incidence of MSF and sex.
Diseases caused by pathogens that spend part of their cycle outside warm-blooded hosts are geographically and temporally limited by environmental variables such as climate (rainfall conditions, the local temperature, the level of humidity, and soil moisture). 7 Warm weather can influence the duration of the active period of mature and immature ticks (i.e., larvae and nymphs) and the generation time to the extent of increasing the number of possible generation cycles to two per year. Therefore, it is possible that exposure to high temperatures during spring-summer leads to increases in the activity of larvae and nymphs a year later (these are known to be responsible for the spread of infection at our latitude because they are active in summer, whereas adults are active in spring). 8, 9 On the other hand, warm weather may reduce tick activity if very high temperatures in spring-summer are combined with low relative humidity levels.
10,11 Hence, we found that hot seasons had relatively low incidences, but MSF incidence did not vary with precipitation levels and there was no evidence of an interaction between maximum temperature and rainfall. Similarly, MSF incidence and rainfall were not correlated in a study carried out in Spain. 12 Because R. sanguineus is the only vector and host of MSF, 9,13 the incidence of the disease depends on the state of the active part of the tick population. Studies carried out in central Europe and in Sweden on the Ixodes ricinus suggest that more warm spring days and fewer cold winter days may be associated with increases in tick density. 11, [14] [15] [16] [17] However, whether the population density of R. sanguineus increases with temperature or whether the prevalence of infected ticks and their infectivity varies in relation to climatic factors is still not clear.
Although the mechanisms are not completely clear, climatic changes have been related to the resurgence of MSF in Spain, 12 to changes in the occurrence of Rocky Mountain spotted fever in the oak-hickory-pine-zone of the United States, 18 and to increases in the incidence of tick-borne encephalitis in Sweden and central Europe. 16 Concern exists that ticks may spread to regions at higher latitude and altitude and become more abundant. 14, 16, 19, 20 It is also possible that climatic changes may lengthen the transmission season in some areas. 21 Lack of information is a major concern in our study. However, we compared the number of cases by year of occurrence with those collected by the Ministry of Health through the compulsory notification system, which has been in place for MSF since 1990, and found that between 38% and 87% of the cases that occur every year in the provinces of Nuoro and Sassari were under-reported to the national surveillance system. Exceptions to this were 1996 and 1997, when we identified ∼6% fewer cases than the Ministry of Health. Although our survey was able to identify overall more cases than the official sources, it is still possible that cases with milder symptoms were not recorded if they did not reach the hospital, as has also been found elsewhere. 6, 22 In addition, it is possible that for some cases, the area of residence did not coincide with the area of infection, resulting in a misclassification of the exposure. Finally, another potential limit concerns the use of terrestrial climate data, which may only be representative of the area in the near proximity of the meteorological stations. 23 However, we relied on 42 climatic stations (about 1 every 19 km), ensuring a high coverage of the study area.
In conclusion, we found that factors such as exposure to high temperature during summer months in the previous year may increase MSF incidence a year later. Because the ability to predict high and low transmission seasons may help target interventions, 24 our results are of possible public health importance.
